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IHTRODUQTIOH 
the Xoc 1 drug store has long since ceased to com¬ 
pound its own peculiarly flavored fruit syrups for soda 
fountain consumption. The famous *sarsaparilla delight*, 
and other flavors of its ilk have gone the way of the 
horsecar and the bed warmer. Today the druggist has come 
to depend upon large supply houses for fruit syrups which 
he then dilutes, and serves over the counter. 
This change in procedure say have eliminated the prob¬ 
lem of syrup compounding but it certainly has Introduced 
the problem of spoilage in the stored syrup. Fermentation 
by yeast and the growth of mold are the most frequent 
causes of difficulty. The Inroads of these microorganisms 
hbve been met by the use of sodium benzoate and fruit acid 
(citric). 
But this has not proved entirely satisfactory since the 
sodium benzoate introduces & foreign, burning taste and citric 
acid shows but little preservative action in itself. 
Vinegar has been long used as a preservative agent, and 
in addition is readily available at a low cost. It seems 
quite natural to suppose that the problem of fruit syrup 
spoilage might be met by the use of vinegar. This common 
household preservative might offer a clue in solving the 
-3- 
industrial problem of fruit syrup spoilage. 
It was the purpose of this investigation to test the 
effectiveness of vinegar (aoetic acid) in the preservation 
of fruit syrups for soda fountain use. A comparison of 
acetic acid with other organic acids and sodiua benzoate 
was also undei*7 8^611* . 
REVIEW OF LITERATURE 
Aoetic acid is found in nature as a metabolic product 
of a certain group of microorganisms. Bant, xvlinum. Bact. 
pasteuranlum. and Bact. racens. are members of this group 
which has become known as the "acetic acid bacteria group*, 
because of its production of this acid. According to 
fieyerhoff and Kiessling (1933), the acetic acid arises from 
the following reactions: 
1) glucose- 
2) hexosediphosphate—— 
3) trlosephosphate (glyceraldehyde phosphoric acid)— 
4) phosphoglyceric acid— 
5) pyruvic acid— 
6) acetaldehyde and COg— 
7) Acetaldehyde hydrate and acetaldehyde—- 
8) acetic acid and ethyl alcohol 
Aoetio acid is used as a food chiefly in the form of 
vinegar. Vinegar is found in many pickled products, and is 
frequeutly used as a salad dressing. Vinegar is even used as 
a drink. Chenoweth (1930) mentions vinegar in combination 
3- 
with fruit juices in a drink called •shrubs*. 
Sodiuxa Benzoate 
s 
This is by far the most common preservative used in 
the commercial production of fruit syrups for fountain use.' 
But the use of sodium benzoate has many disadvantages. 
Ite status as a foodstuff is still held in question. 
According to Morrison (1938) there is no evidence on its 
nutritional or healthful aspects that may be accepted as 
* 
final. According to the United States Department of Agri- 
culture. Food Inspection Decision #104 in 1909: 
% 
•It having been determined that benzoate of 
soda is not deleterious or poisonous and not in¬ 
jurious to health, no objection will be raised under 
the Food and Drug Act to the use in food of ben¬ 
zoate of soda.* 
But, according to Food and Drug regulations, benzoate of 
soda must be declared on the label. Only recently the Food 
and Drug Administration ruled that benzoate of soda may not 
be used as a preservative in tomato catsup. 
Benzoate has not proved entirely satisfactory and 
effective as a preservative in fruit syrups. According to 
Tanner and Strauch (1936) benzoate has a variable Inhibiting 
affect on the growth of yeasts. Charley and Harrison (1939) 
stated that sodium benzoate is very uncertain In its action 
and imparts a distinct brown color to the red colored 
- j. 
syrups. While working on fruit juice concentrates, Irish (1936) 
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mentioned that nearly all concentrates may show mold growth 
and some would show fermentation. He further stated that 
sodium benzo&te Is a suitable preservative provided It is 
free from other contaminating drugs such as iodoform and 
creosote, which when present, impart a disagreeable taste. 
Cruees and Irish (1931) found occasional spoilage while 
using 0.1 percent sodium benzoate in fruit syrups. They 
also declared that fruit syrups of low acidity cannot be 
preserved with •reasonable• amounts of sodium benzoate. 
The preserving action of sodium benzoate is due to 
the undissociated benzoic acid, and not the sodium ion, 
according to Cruess (1938). He also stated that the salts 
of benzoic acid are more readily soluble than the acid and 
for this reason the sodium salt is used in preference to 
the acid. Smith (1938) reported that sodium benzoate is 
used in preserving fruit eyrupe, but the true active agent 
is the benzoic acid resulting from the reaction of the 
fruit acid and the sodium benzoate. He also mentioned that 
sodium benzoate will occasionally develop an odor and a 
taste which will not otherwise be experienced with fruit 
acids. Clague and Fellers (1936) recommend that the sod¬ 
ium benzoate be added as follows: 
“Dissolve 1 lb. in 1 gal. syrup. Heat and 
stir to solution. Then add 1 pint of this mixture 
where 3 oz. sodium benzoate is needed. If the ben¬ 
zoate is added as a powder to cold juice it is not 
readily soluble, and may settle to the bottom and 
permit fermentation^ 
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The Preservative Action of Sugar In Syrups 
According to Robertson (1936) the simple syrup used 
In diluting fountain syrups is a sugar and vater mixture 
adjusted to 35 percent Baume* The concentrate is diluted 
with this simple syrup in the ratio of one to one, any¬ 
where up to four to one, depending upon the quality of 
the concentrate. This is taken from a manual of directions 
published by The Richardson Supply Company, of Rochester, 
Slew York. The concentrate usually contains about three 
pounds of fruit, or citric, acid per gallon. One and one- 
half ounces of this dilution is mixed with seven and one- 
half ounces of carbonated water and served across the 
counter. The action of sugar in the concentrate is a 
protective one for spoilage microorganisms according to 
Wallace and Tanner (1931), because, by osmotic pressure and 
action the cells are dehydrated and thus made more resistant. 
In lower concentrations, however, the osmotic action is not 
so effective in dehydration as it is in its toxicity toward 
the spoilage microorganisms. Treesler, Joslyn, and Marsh 
(1939) found that the percent of sugar that was protective 
in its action for the concentrate was variable. They found 
mold growth but no fermentation in syrups containing 67 
percent soluble solids. They found there was no danger of 
growth of mold at 73 peroent soluble solids, but fermen¬ 
tation was found at 72 percent soluble solids in citrus 
concentrates—whioh incidentally contained 35 percent citric 
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acid. These workers report an osmophilic mold which is 
capable of functioning in a solution containing over 75 
percent soluble solids in foods such as honey and maple 
syrup. 
The Effect of pH on Toxicity 
> 
The hydrogen-ion concentration, or pH, if used for 
its preservative action is not very effective in itself. 
Thom (1910) found that a slight acidity was generally more 
favorable to growth and development of mold than a neutral 
or alkaline medium. Johnson (1923) found that molds did 
not exhibit any well defined growth optimum with respect 
to pH but grew equally well over a wide range. The early 
workers, however, euoh as Clark (1899) felt that the un¬ 
ionized molecules were not prominently concerned since the 
toxic effect of an acid was not in direct proportion to 
the degree of dissociation. Horton and Hsu (1916), however, 
stated that the nature of the acid was not the controlling 
factor in germicidal and antiseptic action of acids, rather 
it wets the degree of acidity. Paus (1908) working previous 
to them however had already decided that there was little 
relation between the hydrogen-ion concentration and growth, 
and that the kind of acid as well as the acidity was respon¬ 
sible for the germicidal value of the acids. Levine and 
Fellers (1940) stated that toxicity could not be attributed 
to pH alone. Thom (1925) felt that altering the pH within 
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palatable limits by use of citric acid was useless as a 
measure for preventing mold growth. In fact, citric acid 
ie one of the first products of decomposition by mold 
growth, and as such serves as a source of food for the mold. 
Kirby, Atkins, and Frey (1937) concurred in finding that 
molds, like yeasts, have a wide growth optimum with 
respect to pH. At high pH values (5.5 - 6.0) acetic acid 
retarded the initial growth of the molds, but had only a 
slight effect on the ultimate growth. 
The Toxicity of Organic Acids 
There has been much work done in an effort to est¬ 
ablish the re; son for the higher toxicity of organic acids 
over mineral acids in solutions of equivalent concentrations, 
home of the more recent workers have attempted to correlate 
the structure of the acids with relative toxicity. Hoffman, 
Schweitzer, and Dalby (1929) found that a branched chain 
lowers the fungistatic properties of organic acids. They 
also found that for an equal number of carbon groups, 
the more unsaturated carbon groups there were, the more fun¬ 
gistatic the acid was. They found, too, that a neutral pH 
the acids containing sight to twelve carbon atoms are most 
effective for the inhibition of mold growth. 
Kiesel (1913) found that fatty acids such as acetic were 
more toxic toward fungus than mineral acids such as hydro¬ 
chloric, sulphuric, and phosphoric. Kirby, Atkins, and Frey 
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(1935) found that acetic acid was toxic to adds at a 
concentration of 0.2 percent when the pH was 3.6 or 
lower. They also found that acetic sold ae vinegar definit¬ 
ely Inhibited the growth of Aspergillus nlger. As the pE 
was lowered leas vinegar was required for the inhibition. 
Levine and Fellers (1940) found that acetic acid was toxic 
at i higher pH than equal concentrations of lactic and 
hydrochloric acids. They also found that lees acetic acid 
than either lactic or hydrochloric acid was needed to pre¬ 
vent the growth of Aspergillus nlger. 
In working with microorganisms isolated from spoiled 
tomato productsf Pederson and Breed (1906) found thet one 
percent acetic acid, five percent sodium chloride, and 0.2 
percent sodium benzoate were all at the same toxicity level. 
They also revealed the interesting fact, that while com¬ 
binations of salt and sugar greatly lowered the amount of 
either necessary by itself, combinations of salt and sugar 
with acetic acid did not appreciably change the amount of 
acid required. Kirby, Atkins, and Frey (1935) found that 
at the same pH level, 3.5, acetic acid was inhibitory to 
Aspergillus nlger whereas calcium acid phosphate, tartaric, 
phosphoric, lactic, and citric acids did not affect its 
growth. Relchel,(1010) demonstrated that acetic acid had 
a marked harmful effect upon the development of PeniciIlium 
and showed that the acetic acid was more toxic to this mold 
than were mineral acids. Cruess, Rlchert, and Irish (1931) 
reported thrt the growth of Seccharomvces elllpsoldeus was 
prevented by 0.6 percent acetic acid at pH 3.5, whereas 
four percent failed at pH seven. Other fatty acids demon¬ 
strated a similar toxicity toward mold. One that has coma 
to the front lately is propionic acid, which is used 
commercially In the form of its calcium salt. The mycology 
research laboratory of the DuPont company says that Its new 
product "liycobc.n*, a propionate salt, is capable of preventing 
mold growth on bre^d for ten days in hot weather, when used 
in a 0.3 percent concentration. 
Many workers have conducted investigations to determine 
the effective agent in the toxicity of organic acids toward 
spoilage microorganisms. It might be one of three things— 
the hydrogen-ion, the anion, or the undisocciated acid, 
iiunheiaer and Fabian (1940) in comparing the action of 
mineral and organic acids upon food poisoning staphylococci 
observed that the action of the highly dieocciated mineral 
acids was due ©oinly to the hydrogen-ion, but the organic 
acids exerted an effect disproportionate to the pH. 
Accordingly, it appeared to them that the effects observed 
were due to factors in addition to the pH. Presumably the 
factors were the un-ionized molecule, or the anion, or both. 
They also observed that the decreasing order of germicidal 
action of acetic—citric—lactic—aalic-2—tartaric—hydrochloric 
acids upon the same strain of staphylococcus was due to a 
specific reaction likewise brou^it about by either the anion 
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or the uuuissociatea molecule ox both. 
In working with organic actus in malt nutrient solution, 
Tomkins (193C) conduced that citric acid effected the growth 
of mold by raiding the acidity, and that the unaiaocciated 
citric acid appeared to have little effect. In fact, 
its pretence increased rather than decreased growth. But, 
oruess, Hichert, and Irish (1931) observed that the un- 
dieocciateo acetic acid was the tozio agent since at pH 3.5 
the effective range must oe near this point, the acid is 
mostly in the undisocci&ted fora, while at a pH of seven, 
the aoiu is ineffective and is practically aisoccitea. 
Tne hydrogen-ion was involved, but it is not completely 
respfiP^k1® in itself, for fruit juices at a pH of 2.5, 
which is ten times the pH of 3.5 were fermented readily. 
Reichel (1910), too, concluded that the toxicity was due 
to the undissocleted aciu and not the acetate ion. By 
adjusting the pH and acetic acid concentrations, kirby, 
Atkins, and Frey (1935) concluded that from the results 
obtained it was clear that the toxicity of acetic acid 
was due to the undissooiated acid molecule and not the 
acetate ion. Waterman and kniper (1925) found that the 
inhibiting action of the salts of cinnamic, salicylic, and 
benxoic acids against Peaicllliuffl daucum was much lower 
than that of the free acids. Cruess (1931) stated that 
free acids and not the salts or the ions are the preserv¬ 
ative agents. He also observed that the preservative action 
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of formaldehyde and salt were little affected by pH. Winslow 
and Lochridge (1906) stated that while mineral acids exert 
a toxic effect proportionate to the hydrogen-ion con¬ 
centration, the toxicity of organic acids was due not 
mainly to the hydrogen-ions, but to the action of the 
undissoci&ted molecule, varying widely with the acid 
employed. To further substantiate this, Held (1932) 
% 
observed that the bactericidal action of the weaker organic 
acids was not alone dependent upon the cations but upon 
the undiseoclated molecule. 
EXPERIMENTAL 
The object of this investigation is the study of the 
effectiveness of acetic acid as a preservative when combined 
with fruit syrups for fountain use. The preservative 
properties of this acid will be compared with citric 
and lactic acids and with sodium bensoate. The studies 
include the following: 1. A comparison is made of the 
inhibiting and toxic properties of acetic, lactic, and 
citric acids in combination with strawberry syrup against 
a typical yeast; 2. A comparison is made of the inhibiting 
and toxic properties of acetic, lactic,a nd citric acids 
in combination with raspberry syrup against a typical 
yeast; 3. A comparison is made of the Inhibiting and 
toxic properties of acetic, lactic, and citric acids in 
combination with strawberry syrup against a typical mold; 
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4. A comparison Is made of the Inhibiting and toxic 
properties of acetic, lactic, and citric acids in com¬ 
bination with raspberry syrup against a typical mold; 
5. A study is made of the inhibiting and toxic prop¬ 
erties of 0.1 percent sodium benzoate in combination 
with raspberry syrup. 
Index Organisms 
In the inwestlgation of the preserwatiwe effect of 
acetic acid upon fruit syrups an examination of the micro¬ 
organisms which cause spoilage is approprl te. From the 
general groups of microorganisms attacking and causing 
spoilage in fruit syrups a typical member of each group 
was selected. 
Mold is found to be a frequent offender in the spoil¬ 
age of fruit syrups and from this group Aspergillus nlger 
was chosen. Yeasts, too, are often & cause of spoilage 
in fruit syrups and from this group Sacch; romyces cerevislae 
* 
(Lister) was chosen. No bacteria were used because 
Hobertson (1936) reported that in fifteen years of practical 
experience with fountain syrups he had encountered but one 
case of bacterial spoilage. From this it was conlcuded that 
bacteria as a group need not be considered as & common 
spoilage agent in fruit syrups for fountain use. The low 
pH and high osmotic pressure make it difficult for bacteria 
to grow well in fruit syrups. 
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The mold, Aspergillus niger.ls a very common mold 
and e frequent cruse of spoilage. It is osmophilic and 
tolerates a low percentage of moisture. According to 
Henricl (1930) it is important in the spoilage of Jellies 
and syrups because it prefers substrates rich in sugar and 
of an acid nature. It has a high optimum temperature and 
aeration is essential. It produces organic acids by 
direct oxidation and sporul&tes early. The mycelia are 
whitish, and they sporulate under adverse conditions of 
growth, producing spores varying in color from a deep gray 
to a black. 
The yeast, Sacch roavces oercvlslae (Lister), is a 
very common yeast used by brewers, bakers, and vintners. 
It 18 frequently used in similar spoilage studies because 
of its representative physiological nature. It reproduces 
well at a low pH, high sugar conoentr tlon, and under 
aerobic conditions. The reproduction is by budding and 
sporulation of which there may be from one to five spores, 
usually four. There is no sexual reproduction. In addition 
to this it is of large size, and is thus easily counted by 
the direct microscopic method. 
Although the other members of these general groups 
may show minor variations in their reactions, it is felt 
that the specific reactions of these index microorganisms 
will indicate the general trend of all yeasts and all 
molds. 
-14- 
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Methods 
X Yeast Studies 
The effect of acid upon the growth of yeast cells in 
fruit syrups was determined by the following procedure. 
Sterile, plugged twenty ml. test tubes were arranged in a 
row on a rack. Under aseptic conditions nine ml. of the 
fruit syrup were placed into each test tube, and one ml. 
of acid of sufficient strength to produce the desired 
final acid concentration was also added under aseptic con¬ 
ditions. Five ml. of this mixture were then removed and 
examined for pH and soluble solids content. The control 
was established by adding one ml. of sterile distilled 
water to nine ml. of the syrup. Kach tube was then inoc¬ 
ulated with 0.1 ml. of nutrient broth containing about 
100,000 yeast cells, and the contents were then well mixed. 
All tube8 were Incubated for one week at 77° F. (35°q.). 
At the end of the incubation period the tubes were again 
well mixed and one ml. portions were withdrawn under aseptic 
conditions and plated at dilutions of 1-1000, and 1-1,000,000. 
The plating medium was malt agar (pH 4.6). The remainder 
of the syrup-acid mixture was then examined for pH and sol¬ 
uble solids content. The plates were incubated at 90°F. 
(32°C.) for 48 hours at the end of which time they were 
counted by means of a hand lens and a Frost plate counter. 
Doubiful colonies were fished into nutrient broth and after 
incubation were checked microscopically. All tests were run 
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in duplicate and the average was taken as the final result. 
In all studies total acidity, hydrogen-ion concentration, 
and percentage soluble solids were considered. All glass¬ 
ware used was sterilised In the electric oven at a mla- 
imuni of 3380y. (170Oc.)for at least one hour. Dilution 
water and media were sterilised in the autoclave at 250°F. 
(120OQ.) for twenty minutes. 
II Mold Studies 
The effect of acid on the growth of mold was determined 
by cultivation of the mold in Erlenmeyer flasks. Under 
aseptic conditions 49 ml. of fruit syrup were added to 
sterile plugged 250 ml. flasks and one ml. of acid of 
sufficient strength to produce the desired final strength 
was added. This procedure wc s varied slightly in the 
higher concentrations found necessary for citric and lactic 
acids. In concentrations above one percent, one ml. of 
50 percent acid was added for each one percent of acid 
strength desired in the final mixture. For each ml. of 
acid added one less ml. of syrup was adaed so that at all 
times the final total volume of the flasks was 50 ml. This 
variation did not Interfere with the percentage soluble 
solids and did not appreciably reduce the nutrient value 
of the medium. 
t 
Five ml. of this mixture were then removed by pipette 
under aseptic conditions and tested for pH and soluble solids 
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content. Under aseptic conditions 0.1 ml. of the mold 
•pore inoculum was then added by pipette. The flasks were 
then Incubated for one week In a dark place at room tem¬ 
perature. All exceeeive motion of the flasks was avoided 
after the inoculation since a constant surface area for 
* 
mold growth was desired, and motion of the flasks might 
spread the mixture to the sides and thus offer an add¬ 
itional growing surface for the mold. To this end only 
flasks of 250 ml. were used. 
At the end of the. incubation period the mold mats were 
filtered from the media through qualitative filter paper. 
1 ' . 
The soluble solids content and pf! of the filtrate were 
determined. After a thorough washing with hot water 
(80° - 90° F.) (270 - 320 c.) to remove sugars, the mats 
were carefully transferred to tared 50 ml. evaporating 
dishes and dried at 212° F. (100° C.) to a constant weight. 
All tests were done in duplicate and the mean was taken as 
the final result. 
Sugar content was determined by use of the Abbe re- 
fxactometer calibrated in peroent soluble solids. All p!i 
determinations were made by means of a Beckman pH meter 
employing & glass electrode balanced against & standard cell. 
Ill Yeast Inoculum 
The yeast inoculum was prepared by growth of a culture 
of SaccharoffiYces cerevtslae (Lister) on a malt agar slant 
whose pH of 4.6 favored a luxuriant growth of this micro- 
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organism. fter an active growth was obtained a transfer 
was made to sterile nutrient broth by means of a sterile 
needle. The yeast growth was successively transferred for 
the next three days by means of a sterile, standard four 
min. loop. This procedure was undertaken to insure active 
growth. At the end of this period the tube was well mixed 
and the number of yeast cells per ml. was determined by 
a direct microscopic count. One ml. of the culture was 
then diluted with nutrient broth so that the resulting 
solution contained 1,000,000 cells per ml. Then 0.1 ml. 
of this solution containing about 100,000 yeast cells was 
used as the inoculum. If the fourth day transfer did not 
contain 1,000,000 cells per ml., still another transfer 
was made using two standard loopfuls Instead of the usual 
one. This process was repeated until the nutrient broth 
culture contained at least one million cells per ml. 
XV Hold Inoculum 
The mold inoculum consisted of a culture of /.pi^tkIIIus 
njger grown upon a malt agar slant, whose pH of 4.6 was 
favorable for a heavy growth of this microorganism. The mold 
was then permitted to grow until heavy sporulatlon took place. 
This usually occurred at the end of one week at 77° F. (25° C.). 
Sterile distilled water was then added to the slant under 
aseptic conditions. The mold spores were then loosened 
* * » - 
by use of a sterile needle. The spore-water suspension was 
well mixed by rolling between the palms of the hands. A 0.1 
-18- 
ml. portion of this suspension was then used as the in¬ 
oculum. 
V Preparation of the Syrup 
Strawberry and raspberry syrups were prepared from 
fruit which had been frozen with sugar and stored about 
six months. The fruit was thawed and filtered through 
two layers of cheese cloth. The soluble solids content 
was adjusted to 35 percent by the addition of suger, or 
by the addition of water. Samples were taken and tests 
were run for pH and total acidity. 
Total acidity of the syrup was determined by titration 
of a five ml. sample diluted with 100 ml. of distilled 
water against standard sodium hydroxide. Phenophth^leln 
was used as the indicator in 25 drop amounts. Such a large 
amount of indicator brought a suitable end-point, while 
the indicator error introduced was negligible. The end¬ 
point reading was further facilitated by the color chmge 
from red to blue near the end-point by the anthocyanin 
pigments of the syrup. 
Upon titration the strawberry was found to contain 
0.67 percent acid calculated as citric. This agrees with 
Charley (1937) who reports the acidity of strawberries to 
be 0.6 to one percent calculated as citric. The raspberry 
syrup contained 1.61 percent acid, nd 1.74 percent acid 
as citric In the two batches used. Uto also agrees with 
Charley (1937) who reports the acidity of raspberries to 
• . t/- ■ 
m 
I 
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be 1.6 to 2.4 percent calculi ten as citric. 
The filtered syrup was then filled into eight ounce 
K-Z seal Jars prrfi pasteurized at 170° f. (770 o#) for 30 
minutes. This was fount* suitable; no spoilage was encoun¬ 
tered. The syrup was then stored at 36° F. (3® c.) until it 
was needed. 
In this form the syrup was found suitable as a yeast 
medium, but not for the quantitative determination of mold 
growth. For these studies the syrup was filtered through 
qualitative filter paper to remove the cellular debris 
which might invalidate the results by affecting the weights 
of the dried mold mats. 
The strawberries were packed at a two to one ratio of 
fruit to sugar. This resulted in a soluble content of 45 
percent. Dilution with water was necessary to obtain a 
syrup of 35 percent sugar. Whereas, the raspberries were 
packed in a fruit-sugar ratio of three to one and contained 
33 percent sugar. Sufficient sugar was added to raise the 
sugar content to 35 percent. 
VI Preparation of the Sodium Benzoate Fruit Syrup 
The syrup was prepared as described above and then ben¬ 
zoate of soda was added in the ratio of 0.1 go. to 100 ml. 
of fruit syrup. This is in accordance with standard 
commercial practices ana the resulting solution was con¬ 
sidered to contain 0.1 percent benzoate of soda. 
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Experiment&l Results 
The first series of experiments dealt with the in¬ 
hibiting action of acetic, lactic, and citric acids on 
the growth of yeast in strawberry syrup. Str&wberry syrup 
containing 0.33 percent added acetic acid and hawing a 
pH of 3.34 was toxic to yeast. Strawberry syrup containing 
2.35 percent added lactic acid at a pH of 2.37 was also 
toxic. The syrup was toxic when it contained 6.29 percent 
added citric acid at a pH of 1,82. The amount of acetic 
acid which is necessary to render the str&wberry syrup 
toxic to yeasts seems small enough to be of commercial 
significance. Good growth was obtained in all controls 
which had an acidity of 0.67 percent as citrio. 
It is interesting to note the effect of yeast growth 
upon sugar concentration. In all cases where all acids were 
toxic there was a slight Increase in the soluble solids 
content. This is attributed to evaporation through the 
cotton plugs• But, in the tubes that did show growth 
there was a loss of soluble solids of as much as eight 
percent. This is attributed to the digestion of the 
sugars by the yeast. 
In the tubes which showed fermentation, & bubbling 
appeared at the end of the third day which soon developed 
into a heavy froth at the surface of the liquid. The 
liquid became lighter in color and perfused with gas 
bubbles. A whitish sediment of viscous yeast cells set¬ 
tled to the bottom of the tube to the depth of to |s. 
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The vigor and extent of the reaction varied with the 
amount of growth in the tubes as shown by Tables 1, 2, 
and 3. 
Table 3 shows something of commercial interest. 
Upon gross examination no growth could be seen in the 
tube containing 5.83 percent added citric acid. During 
the incubation no signs of growth, such as gas production 
or alcohol odor were apparent. Tet upon plating the 
acid-syrup mixture was revealed to contain 1,000 yeast 
cells per ml. This is a reduction from the original 
inoculation of 100,000 cells. From this we see that a 
heavy contamination by yeast may be present and yet not 
apparent to gross examination. In all cases of doubt 
concerning contamination by yeast, commercial syrup should 
be checked by plating upon malt agar. 
The toxic effects of strawberry syrup in combination 
with acetic acid as compared with the syrup in combination 
with citric and lactic acids is particularly striking as 
seen in Figure 1. 
The second series of experiments dealt with the action 
of the yeast, Saccharomyces cerevlsiae. in raspberry syrup 
and the inhibiting action of acetic, lactic, and citric 
acids upon it. 
Raspberry syrup containing 0.33 percent added acetic 
acid and having a pH of 3.15 was toxic to the yeast. The 
same syrup containing 6.35 percent added lactic acid at a 
Table 1* The Effect of Varying Concent rat lone of Acetic Acid 
upon the Growth of naccharomvcee oerevlsiae in 
Strawberry Syrup • 
Added 
acid PH Soluble solids 
' Total- 
count 
percent Initial final initial final millions 
per ml. 
5.29 2.80 2.89 36.5 38 none 
2.66 3.04 3.05 35 37 none 
1.36 3.14 3.15 35 37 none 
1.00 3.15 3.23 35 36 none 
0.69 3.26 3.28 35 36 none 
0.53 3.27 3.33 35 36 none 
0.33 3.34 3.34 35 35.5 none 
0.26 3.36 3.32 35 32 21 
0.17 3.39 3.34 35 27 28 
0.13 3.41 3.40 34.5 26 35 
Control 3.46 3.26 35 28 37 
* The total acidity of the original fruit syrup was 0.67 percent 
calculated as citric. 
The inoculum per five ml. of solution consisted of about 
100,000 yeast cells 
Table 2. The Effect of Varying Concentrations of Citric Acid 
upon the Growth of Saocharomyces cerevislae in 
Strawberry Syrup • 
Added 
acid PH Soluble solids 
Total 
count 
percent initial final initial final millions 
per ml. 
6.29 1.82 2.08 40 42 none 
5.82 2.08 2.09 39 40 0.001 
2.95 2.29 2.26 37 35 17 
1.50 2.53 2.68 36 31 101 
1.16 3.61 2.78 35 30 56 
0.68 2.70 2.89 35 30 73 
0.57 2.83 2.84 35 29.5 48 
0.38 2.89 3.01 35 28.5 54 
0.35 3.99 3.05 35 28.5 59 
0.22 3.09 3.13 35 27.5 63 
0.17 3.13 3.16 35 28 47 
Control 3.33 3.35 35 27 50 
The total acidity of the original fruit syrup was 0.67 
percent calculated as citric. 
The inoculum per five ml* of solution consisted of about 
100,OCX) yeast cells. 
Table 3. The Effect of Varying Concentrations of Lactic Acid 
upon the Growth of Saccharomvoes c erevislae in 
Strawberry Srrup • 
Added 
acid pH Soluble 80lid8 
Total 
count 
percent initial final Initial final millions 
per ml. 
5.72 2.37 2.35 37 39 none 
2.50 2.55 2.61 36 37 17 
1.30 2.81 2.76 36 32 34 
1.00 2.79 2.86 36 30 34 
0.64 2.96 2.95 35.5 30 105 
0.51 3.02 3.10 35.5 29 50 
0.30 3.17 3.11 35 28 . 69 
0.28 3.11 3.12 35.5 28.5 66 
0.18 3.23 3.20 34.5 27 80 
0.15 3.30 3.21 34.5 27.5 37 
Control 3.41 3.30 34.5 26.5 68 
* The total acidity of the original syrup was 0.67 percent 
calculated as citric. 
The inoculum per five ml. of solution consisted of about 
100,000 yeast cells. 
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pH of 2.45 was also toxic. The syrup was toxic when it 
contained 7.03 percent added citric acid at a pfi of 2.09. 
Again the amount of acetic acid necessary to render the 
raspberry syrup toxic to yeasts seems small enough to be 
of commercial significance. Here again as in strawberry 
syrup the controls showed good growth even though the 
syrup contained 1.61 percent natural acid. These 
figures are taken from Tables 4, 5, and 6. 
Apparently the natural acids of the fruit are of 
i 
little toxic value. The strawberry syrup contained 0.67 
percent add calculated as citric while the raspberry 
* ^ 
syrup contained 1.61 percent. Yet the added acetic acid 
was toxic at the same concentration in both syrups, 0.33 
percent. Growth was heavier in the raspberry controls 
than it was in the strawberry controls. This is un¬ 
doubtedly due to the better relative nutkient value of 
the raspberry syrup combined with the relatively poor 
toxicity of the fruit, or citric acid toward yeast growth. 
The yeast was much more active when growing in the 
non-toxic raspberry syrups* than it was in the non-toxic 
strawberry syrup tubes. The maximum change in soluble 
solids in the raspberry syrup was from 35 percent to 
19 percent, while in the strawberry syrup it was only from 
35 to 37 percent. The average change in the raspberry 
controls was 14.5 percent whereas in the strawberry syrup 
it was but 7.5 percent. Since the raspberry syrup contained 
almost three times as much natural fruit acid as the straw- 
Table 4. The Effect of Varying Concentrations of Acetic Acid 
upon the Growth of 8a8charpavces cerevislae in 
Kasptoerr> Jyrup. * 
Added 
acid P« Soluble solids 
Total 
count 
percent initial final initial final millions 
per ml. 
5.29 2.94 2.94 35 36.5 none 
2.66 3.05 3.05 36 36 none 
1.36 3.11 3.20 35 35 none 
1.00 3.16 3.28 35 35 none 
0.69 3.17 3.27 35 36 none 
0.53 3.30 3.18 35 36 none 
0.33 3.15 3.16 35 36 none 
0.26 3.21 3.22 35 27 58 
0.17 3.25 3.33 34.5 22 91 
0.13 3.27 3.30 34.5 21 123 
Control 3.28 3.37 34.5 19 117 
• The total acidity of the original fruit syrup was 1.61 
percent calculated as citric. 
The inoculum per five ml. of solution consisted of about 
100,000 yeast cells. 
T&ble 5. The Effect of Varying Concentrations of Citric Acid 
upon the Growth of Saccharomvces c erevlslae in 
Raspberry Syrup * 
Added 
acid PH Soluble solids 
Total 
count 
percent initial final initial final millions 
per ml. 
7.03 2.09 2.39 47 41.5 none 
6.29 2.16 2.40 39 41 0.102 
5.83 2.28 2.83 38 34 3.5 
2.95 2.62 2.75 37 32 91 
1.50 2.86 2.99 35 26 54 
1.16 2.89 3.06 35 23 30 
0.68 3.05 3.12 35 22.5 52 
0.51 3.00 3.21 35 20 123 
0.38 3.06 3.20 35 21 158 
0.35 3.15 3.20 35 20 238 
0.22 3.11 3.31 35 19 80 
0.17 3.21 3.33 34.5 19 237 
Control 3.23 3.30 34.5 21 350 
• The total acidity of the original fruit syrup was 1,61 
percent calculated as citric. 
The inoculum per five ml. of solution consisted of about 
100,000 yeast cells. 
Table 6. The Effect of Varying Concentrations of Lactic Acid 
upon the Growth of Sacch- romyoes cerevislae in 
Raspberry Syrup • 
Added 
acid PH Soluble 80lid8 
Total 
count 
percent initial final initial final millions 
per ml. 
6.25 2.45 2.51 38 39.5 none 
5.24 2.39 2.58 37.5 39.5 0.0015 
2.50 2.68 2.77 36.5 31.5 21 
1.30 2.87 3.04 35.5 25 63 
1.00 3.96 3.14 35.5 23 69 
0.64 2.99 3.22 35.5 21 
> 
75 
0.51 3.01 3.15 35 19.5 126 
0.30 3.15 3.32 35 19.5 75 
0.28 3.06 3.20 35 19.5 107 
0.18 3.16 3.40 35 19.5 80 
0.15 3.18 3.42 35 19 137 
Control 3.18 3.45 35 19.5 93 
• The total acidity of the original fruit syrup was 1.61 
percent calculated as citric. 
The inoculum per five ml. of solution consisted of about 
100,000 yeast cells. 
P 
o 
CO 
p £ 
>> 
-fer £ 
o 
Pi CQ 
£ 
-(-3 CfrrH 
o nd 
e «h <d 
< o cd 
<! -H 
p m C oh 
0) -H > 
^ P (D 
. © O £ 
-pth} © 
P O 
•H 
P'd ro P, 
£ © £ 
H id o £ 
o >i 
O s CO 
P -H O 
O £ £ 
© P C& 
P *H ,£ 
POO 
W o 
•n qj 
(DOW 
,£ ^H 
E-i P P 
Q> O 
O 
<*J 7BS 
o o o 
•H *H *H 
P P £ 
© O P © <tf *H 
© rH O 
• • • 
rH CM tO 
00 
-H- 
CVJ 
05 
£ £ 
tc 
•H (xi 
P 
.O 
£ 
0) 
,£ 
p 
£ 
o 
a O 
o O O O ©1 
lO O ID O ID 
CV2 W rH rH i rt~f | 1 j t| [T • • 1 
>1111 aaci euofxiT111 sq.SB0<£ jo 
A
dd
ed
 
a
c
id
 
in
 
p
e
rc
e
n
t 
-23- 
berry this again demonstrates the ineffectiveness of the 
natural fruit acid to act as an inhibiting agent. 
The third series of experiments shoved the effect of 
varying concentrations of acetic, lactic, and citric acids 
upon the growth of Aspergillus nlger in strawberry syrup. 
Table 1 shows that strawberry syrup containing 0.19 percent 
acetic acid and having a pH of 3.42 was toxic to mold growth. 
This substantiates the work of Kirby, Atkins, and Frey (1935) 
whose figures were 0.2 percent at a pH of 3.46. 
Strawberry syrup containing 4.58 percent added lactic 
acid at a pH of 2.42 was also toxic. The syrup was not 
toxic when it contained as high as 7.75 percent added citric 
acid at a pH of 1.80. Since such high concentrations are 
not very practical for syrup manufacturers and the object 
of this experiment is to compare other organic acids to 
acetic at its toxic level, stronger citric acid was not 
tried. 
The average loss in soluble solids was observed to be 
less for the syrup when attacked by mold, than when the 
syrup was attacked by yeast. The 0.1 percent added acid 
level is the only level at which all acids may be compared 
since at the next higher level acetic acid was toxic, and 
levels below 0.1 were too small to be practical. At the 0.1 
percent level the weight of the dried mold mate in mgs. was 
found to be as follows: acetic, 153, lactic, 476, citric, 
230. 
An interesting bit of information was gathered in the 
citric acid series. The mold in the flasks containing the 
-24- 
higher concentrations of acid such as five percent and 
six percent, began sporulation earlier than the control 
flask, and at the end of the incubation period shoved a 
much heavier spore development. The spores made the mold 
mats appear much heavier than those mats in the sparsely 
aporulated love* concentrations and control. The com¬ 
parative weights *how that the mold in the control was 
much heavier (833 mgs.) than either the five percent 
solution (362 mgs.), or the six percent solution (361 mgs.). 
This optical illusion is easily apparent upon scrutiny of 
Plate 2. 
Another interesting observation was made at this point. 
The low toxicity of citric &old to mold was further demon¬ 
strated when attenuated mold myoella were discovered to be 
growing in &11 stock dilutions of citric acid even those 
as high as 25 percent. Lactic acid, too, showed growth 
up to about three percent. Fortunately this growth became 
apparent early in the Investigation and stock acid which 
might thus be attacked was treated aseptically thereafter. 
The fourth series of experiments dealt with the in¬ 
hibiting action of acetic, laotic, and citric acids upon 
the growth of Aspergillus nlg»;r in raspberry syrup. 
i cetic acid was found to be toxic at the lowest con¬ 
centration added, which was 0.098 percent in syrup of 
pH 3.19. This pH was with 0.1 of the control which showed 
a good growth. The added lactic acid was found to be toxic 
Table 7. The Effect of Varying Concentrations of Acetic Acid 
upon the Growth of Aspergillus niaer in 
Strawberry Syrup • 
Added 
aoid pH Soluble solids 
Weight 
of sold 
percent initial final initial final mgs. 
0.43 3.38 3.40 37 40 none 
0.19 3.42 3.47 37 39 none 
0.098 3.44 3.24 37 37 153 
Control 3.47 3.19 37 36 266 
The total acidity of the original fruit syrup was 0.67percent 
calculated as citric. 
Plate 1. Growth of Aspergillus nlger In flasks of strawberry 
syrup with added acetic acid. 
Percent acetic acid Left to right: 
control 
0.098 
0.19 
Tabic 8. The Effect of Varying Concentrations of Lactic Acid 
upon the Growth of Aspergillus nlger In 
Strawberry Syrup * 
Added 
acid PH Soluble solids 
Weight 
of mold 
percent initial final initial final mgs. 
5.73 2.32 3.46 37 38 none 
4.58 2.42 2.52 37 38 none 
3.37 2.58 2.64 37 34 106 
3.29 2.66 2.78 37 34.5 117 
1.14 3.84 2.98 37 30 225 
0.10 3.29 3.37 37 30 476 
Control 3.49 3.40 37 32.5 
* The total acidity of the original fruit syrup was 0.67percent 
calculated as citric. 
Table 9. The Effect of Varying Concentrations of Citric Acid 
upon the Growth of Aspergillus niger in 
Strawberry Syrup • 
Added 
acid pH Soluble solids 
Weight 
of sold 
percent iniiial final Initial final mgs. 
7.75 1.80 2.15 38 37 361 
6.46 2.07 2.11 38 35 362 
5.17 1.94 2.22 38 32 352 
1.29 2.65 2.70 37 32 440 
0.10 3.27 3.27 36.5 31 230 
Control 3.40 3.38 36.5 34 833 
The total acidity of the original fruit syrup was 0.67 percent 
calculated as citric. 
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Plate 2. Growth of AsperglllUB ninex. In flasks of strawberry 
syrup with added citrio acid. 
Left to right: Percent citric acid added 
control 
0.10 
1.29 
5.17 
6.46 
7.75 
Table 10. The Effect of Varying Concentrations of Acetio Acid 
upon the Growth of ASasrisUltt6, niger In 
Raspberry Syrup • 
Added 
acid PH Soluble solids 
weight 
of mold 
percent initial final Initial final mgs. 
0.67 3.12 3.10 37 39 none 
0.43 3.17 3.07 37 37.6 none 
0.098 3.19 3.11 37 38 none v \ 
Control 3.13 3. S3 38 28 1,649 
The acidity of the original fruit syrup was 1.61 percent 
calculated as citric. 
Table 11 The Effect of Varying Concentrations of Lactic Acid 
upon the Growth of Aspergillus nlger in 
Raspberry Syrup * 
Added 
acid pH Soluble solids 
Weight 
of isold 
percent initial final initial final gms. 
5.72 3.63 2.58 36 38 none 
4.58 2.65 2.70 36 38.5 none 
3.37 2.78 2.60 35.5 35.5 0.087 
1.14 3.02 2.93 36 34.5 0.814 
0.10 3.22 2.72 35.5 32 1.735 
Control 3.23 2.60 36 32.5 2.064 
• The total acidity of the original fruit eyrup was 1.74 
percent calculated as citric 
Plate 3* Growth of Aspergillus nl&er in flasks of raspberry 
syrup with added lactic acid* 
» 
Left to right: Percent lactic acid 
control 
0*10 
1.14 
3.37 
4.58 
5.72 
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at the same level as it was in the strawberry syrup, 
4.58 percent at a pH of 3.65. Added citric acid again 
I showed no inhibition at the 7.75 percent concentration 
* 1 at a pH of 1.96. Again no further concentrations were 
> 
tried. 
A very interesting comparison con be stride of all the 
acids at the 0.1 percent level. Acetic acid flasks were 
free from growth after one week incubation, while lactic 
acid showed a dried sat of 1.735 grans, and citric acid 
showed a growth of 3.544 grama. 
Once again the growth in raspberry syrup was much heavier 
than the growth in strawberry syrup. 
Since mold in a citric acid concentration as higgi as 
5.17 percent showed a heavier growth than the control fl&sk 
it is again obvious that citric rcld offers some additional 
* - ■ . . ■ 
nutrient material for the growth of cold. 
fV ; ' 
The fifth series of experiments were performed to 
test the effectiveness of 0.1 percent benzoate of sod 
as an inhibiting and toxic agent for the growth of mold 
and yeast. Only the raspberry syrup war used because 
throu^out the experiments the growth in raspberry syrup 
had been he vier than the growth in strawberry syrup. 
* 
Consequently It was reasoned that if bensoate was effective 
in raspberry syrup the same would be true of strawberry 
• - 
syrup. 
As can be seen in Table 13 the growth in all tubes 
and flasks was negative. This may be seen in Table 14 too. 
Table 12. The Effect of Varying Concentrations of Citric Acid 
upon the Growth of Aspergillus nlger in 
Raspberry Syrup • 
Added 
aoid pH Soluble solids 
Weight 
of mold 
percent Initial final initial final gOB. 
7.75 1.96 2.02 37.5 36.5 0.602 
6.46 2.09 2.15 37 36.5 1.398 
5.17 2.15 3.18 36.5 34.5 1.832 
1.29 2.73 2.41 36 33 2.233 
0.10 3.03 3.51 35 31.5 3.544 
i 
Control 3.05 2.60 36 34 1.572 
♦ The total acidity of the original fruit syrup was 1,74 
percent calculated as citric* 
Table 13. The Effect of 0.1 percent Benzoate of Soda upon 
the Growth of Saccharoayces cerevlelae In 
Raspberry Syrup* 
pH Soluble solids Total 
count 
initial final Initial fixial Billions 
per ail. 
3 . <s3 3.30 36 37 none 
3.33 3.32 36 38 none 
3.23 3.31 36 37.5 none 
The total acidity of the original fruit syrup was 1.74 
percent calculated as citric. 
Table 14 • The Effect of 0.1 percent Benzoate of Soda upon 
the Growth of Aspergillus niger in 
Raspberry Syrup* 
pH Soluble solids Weight 
of mold 
Initial final initial final mgs. 
3.38 3.34 37 38 none 
3.38 3.34 37 38.5 none 
3.38 3.34 37 38.5 none 
• The total acidity of the original fruit syrup was 1*74 
percent calculated as citric. 
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According to most observers the preservative properties 
of sodium benzoate are due to the benzoic acid resulting 
from the hydrolysis of the sodium benzoate. Upon computa¬ 
tion the percent of benzoic acid due to the hydrolysis 
of 0.1 percent benzoate of soda is found to be 1.24 x 10~^ 
percent. In other words, only 0.0000124 percent benzoic 
acid is the effective portion of the 0.1 percent sodium 
benzoate. 
DISCUS8I0K 
The toxicity of acetic acid cannot be attributed to 
pH alone. In the yeast experiments when 0.33 percent 
acetic acid was added to the strawberry syrup it proved 
toxic at a pH of 3.34. Tet lactic acid had to be added 
in concentrations as high as 5.72 percent and the toxic 
level was reached only at ? pH of 2.37. This means that 
the acetic acid solution contained about one-tenth as 
many hydrogen-ions as the lactic acid solution, yet both 
were toxic. This effect is even more forceful when we 
compare acetic acid with citric acid which was toxic when 
added in a concentration of 6.29 percent and the pH was 
low as 1.82. In the mold experiments acetic acid in 
combination with strawberry;syrup is seen to be toxic when 
added to 0.19 percent at a pH of 3.44. This is but a very 
small amount lower than the controls which showed good 
growth in all experiments. Lactic acid had to be added to 
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strawberry up to 4.58 percent at a pH of 2.42 before it 
wa& toxic. Again the acetic acid was toxic at about one- 
tenth the hydrogen-ion conoentr&tion. Citric acid showed 
no toxicity even when almost eight percent was added and 
a pH as low as 1*80 was attained. These conclusions are 
also obvious in the raspberry syrup. 
Since the toxicity cannot be attributed to pH elone, 
it must be attributed to either the acetate ion or the un¬ 
ionized acid. But the number of acetate ions present is 
very small, since acetic acid is & weakly dissociated acid, 
whose dissociation constant is but 1.86 x 10~5. This dis¬ 
sociation figure is rendered even lower when the acetic acid 
is adaed to fruit syrups as it was in this Investigation. 
The hydrogen-ions resulting from the dissociation of the 
fruit acids tend to depress the dissociation of the acetic 
acid by exerting a common ion effect upon the hydrogen-ions 
of the ^cetic acid. To show how few acetate ions are present 
let us examine some figures on the dissociation of acetio 
acid taken from conductivity determinations by Smith (1937). 
The moles of un-ionized acetic acid present due to the dis¬ 
sociation of 0.1 mole acetic acid is 0*0987, while only 
0*0013 moles of acetate ion are present. This means that 
the ratio of un-ionized acetic acid to acetate ions is 
about 76 : 1. This ratio is, of course, true for the 
un-ionized acid to the hydrogen-ion as well. Vhen acetic 
acid is added to fruit syrup this rationthen becomes even 
-38- 
higher. From these figures It ppears very likely that the 
un-ionlzed molecule is the effective agent in the toxicity 
of acetic acid. 
Acetic acid was more effective against mold growth 
than it was against yeast growth. In the strawberry and 
raspberry' syrups it prevented yeast growth at an added con¬ 
centration of 0.33 percent. But only 0.098 percent added 
acetic acid was required to prevent the growth of mold in 
strawberry syrup, and only 0,19 percent was needed in the 
raspberry syrup. 
Citric acid on the other hand was more effective 
against yeast growth than it was against nold. In straw¬ 
berry syrup 6.29 percent added citric acid prevented 
yeast growth, while almost eight percent was ineffective 
against mold. In the raspberry syrup a oat of 602 mgs. 
grew in the presence of almost eight percent citric acid. 
Lactic acid like acetic, proved more effective against 
mold the n it did against yeast. 7?hen added to strawberry 
syrup lactic acid was toxic at 5.72 percent against yeast, 
but required only 4.K5 percent to prevent the growth of 
mold. 
From these results it is obvious that acetic acid is 
far raore toxic to yeasts and molds in fruit syrups than 
either lactic or citric acids. It would require only 0,33 
percent of added acetic acid to prevent both yeast and mold 
growth in either raspberry or strawberry syrups. It would 
require as much as 6.25 percent added lactic acid to pro¬ 
duce the same results, while citric if added even as high 
-29- 
ae 7.75 percent would inhibit yeast growth, but would still 
be ineffective against mold growth. To substantiate this 
a beaker of raspberry syrup containing 0.33 percent added 
acetic acid was set on the laboratory table top. It has 
been there for almost two months now and still shows no 
sign of fermentation or mold growth. 
This substantiates the work of Hoffman, Schweitzer, 
and I) lby (1939) who stated theit a branched ch< in lowers 
the fungistatic properties of n organic acid. Acetic 
and lactic acids are straight chain acids, while citric 
acid is a branched chain acid In respect to the beta 
carboxyl group. 
Teast attacks the sugars in syrup to a greater ex¬ 
tent th/.n does mold. This can readily be seen when we 
notice that the average sugar loss in the yeast controls 
was eleven percent, whereas the average loss in the mold 
controls was but four percent. The highest loss in any 
of the yeast tubes was shown in the one containing 0.22 
percent of added citric acid in raspberry syrup which dropped 
froa 35 percent to 19 percent in soluble solids content. 
The highest loss in soluble solids content due to mold attack 
was shown in the control tube in Table 10 which dropped 
froa 30 to 28 percent. 
Raspberry syrup supported both yeast and mold growth 
to a much greater extent than did strawberry syrup. In 
spite of the fact that raspberry syrup contained almost three 
times as much natural acid as the strawberry syrup, the 
raspberry syrup controls averaged 187,000,000 yeasts 
per ml. after one week incubation with 100,000 yeast 
cells per five ml., whereas the strawberry syrup controls 
averaged only 51,000,000 yeast cells per ml. under the 
same conditions. In the mold mate the average for 
strawberry syrup controls was 551 mgs, while the average 
for the raspberry syrup controls was 1,581 mgs. From this 
it is obvious that raspberry syrup supports spoilage to 
a greater extent than strawberry syrup. 
The acid producing qualities of mold are obvious 
when we examine the control tubes of the raspberry syrup. 
In the yeast controls the pH of the media rose an average 
of 0.15 after the one week incubation period. But in the 
mold control flasks the pH dropped an average of 0.56 
during the same period. This is undoubtedly due to the 
production of acid by the mold growth. 
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SUMMARY AND COHCLUSIOS 
1) The preservation of soda fountain syrups with sodium 
benzoate and oitrio acid is not entirely satisfactory. 
Acetic acid the principle in vinegar is suggested 
as a possible preservative for fountain syrups. 
3) Acetic acid, in combination with strawberry syrup 
is toxic to the growth of yeast at a concentration of 0.33 
percent at a pH of 3.34. In raspberry syrup it is toxic 
at the same concentration at a pH of 3.15. 
Lactic acid in combination with strawberry syrup is 
toxic to the growth of yeast at a concentration of 5.72 
percent at a pH of 3.37. In raspberry syrup it is toxic 
at 6.25 percent at a pH of 2.45. 
Citric acid in combination with strawberry syrup is 
toxic to the growth of yeast at a concentration of 6.29 
percent at a pH of 1.82. In raspberry syrup it is toxic 
at 7.03 percent at a pH of 2.09. 
3) Acetic acid in combination with strawberry syrup is 
toxic to mold at 0.19 percent at a pH of 3.43. In rasp¬ 
berry syrup it is toxic at 0.098 percent at a pH of 3.19. 
L&ctic acid in combination with strawberry syrup is 
toxic to mold growth at 4.58 percent at a pH of 2.42. In 
raspberry syrup it is toxic at the same percent, pH 2.65. 
Citric acid showed no inhibitory action in acid con¬ 
centrations as high as 7.75 percent in both syrups at a pH 
of 1.80 in strawberry syrup and 1.96 in raspberry. 
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4) Sodium benzoate showed toxicity toward mold and 
yeast at 0.1 percent at & pH of 3.23. 
5) Acetic acid does not impart an objectionable taste 
to fruit syrups for fountain use. Beoause of its strong 
/ 
toxic qualities toward yeast and mold growth, 0.4 percent 
acetic acid is suggested as a preservative for fruit syrups 
for fountain use. 
-33- 
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